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Background: Proximal (ie, buttock, hip) claudication can result from impaired perfusion in the hypogastric area after
aortobifemoral bypass (ABF) despite normal femorodistal blood flow provided by the patent bypass. The proportion of
patients that experience proximal claudication after ABF is unknown, and arguments for the vascular origin of symptoms
specifically at the proximal level have never been reported.
Methods:This was a prospective study set in an institutional practice of ambulatory patients referred for a systematic survey
of their previous ABF bypass. Among the 131 eligible patients, 10 refused to participate and 16 were unable to walk on
a treadmill. The 105 studied patients (94 men, 11 women) were a mean age of 63 10 years, and the median delay from
surgery was 2 years (range, 4 months to 26 years). We used a modified version of the San Diego Claudication
Questionnaire administered both at rest before the treadmill study and again after the treadmill test. Transcutaneous
oxygen pressure (TcPO2) at the buttock level was used to evaluate blood flow impairment during exercise at the proximal
level, with blood flow impairment defined as buttock minus chest TcPO2 decrease in excess of –15 mm Hg.
Results:Thirty patients reported proximal exercise-related pain consistent with vascular criteria by history before exercise.
However, 59 patients (56%) reported symptoms compatible with proximal claudication, and TcPO2 values were
abnormal on one or both sides in 52. The persistence of at least one (prograde or retrograde) pathway to the hypogastric
circulation, determined by review of operative details from the aortobifemoral bypass and angiography, did not
significantly decrease the proportion of patients reporting proximal claudication by history (26%) or on treadmill
(55%) compared with those with bilateral hypogastric occlusion (33% by history, P  .51 compared with at least one
prograde hypogastric pathway and 61% based on treadmill test, P  .65 compared with at least one prograde
hypogastric pathway).
Conclusion: The present study shows that (1) the proportion of ABF patients with a median bypass age of 2 years that
report proximal claudication is high (28%), (2) this proportion is significantly higher when claudication is detected by
treadmill exercise tests, (3) a vascular origin (or at least contribution) is likely 88% of the proximal symptoms observed
on treadmill, (4) the presence of proximal claudication with associated abnormal TcPO2 results increases the risk of
walking impairment in affected patients, and (5) preservation of at least one internal iliac artery to allow prograde or
retrograde flow to the hypogastric vascular bed does not decrease the risk of proximal claudication after ABF surgery. A
vascular origin of (or at least contribution to) most of the proximal exercise-related symptoms should always be discussed
in patients with patent ABF bypass. ( J Vasc Surg 2007;45:312-8.)The classic World Health Organization (WHO)/Rose
claudication questionnaire defines claudication as a pain in
the calf(ves) and, by definition, does not account for prox-
imal symptoms.1 Questionnaires derived from the WHO/
Rose were proposed in the 1990s and include questions
directed at proximal locations of claudication.
Proximal (ie, buttock, hip) claudication can result from
impaired perfusion in the hypogastric area. Controversies
with respect to the need for and efficacy of simultaneous
revascularization of one or both of the hypogastric arteries
in association with aortic2 or aortoiliac surgery,3,4 or aor-
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312tobifemoral surgery5,6 are ongoing. Indeed, after aortob-
ifemoral (ABF) bypass, proximal claudication can occur or
persist despite normal femorodistal blood flow provided by
the patent ABF bypass, albeit sometimes associated with
femorodistal procedures.
The spontaneous evolution of atherosclerosis at the
proximal level may also result in impaired pelvic blood flow
supply, whereas distal flow is preserved by the patent ABF
and eventually by associated femorodistal bypasses. Never-
theless, the incidence and prevalence of proximal claudica-
tion after ABF is actually unknown.
We recently reported that transcutaneous oxygen pres-
sure (TcPO2) accurately detected hemodynamic impair-
ment resulting from arterial disease at both the proximal
(buttock) and distal (calf) level.7,8 Although TcPO2 is a
skin rather than a muscle measurement, it provides an
objective test for an underlying abnormal vascular supply
and thus serves as a possible diagnostic test for exercise-
related symptoms at both the proximal and distal levels.
When used as a screening test in a vascular population,
exercise TcPO2 allows for the detection of an unexpectedly
high number of patients with proximal arterial claudication,
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mated in vascular patients.9 We hypothesized that:
1. The proportion of patients reporting proximal claudica-
tion is high in patients with patent ABF bypasses.
2. This proportion was even higher during treadmill exer-
cise than by history.
3. The presence of claudication would be lower in patients
for which at least one internal iliac artery was preserved
during surgery compared with patients with bilateral
postsurgical hypogastric occlusion.
4. The presence of proximal claudication will result in a
significant walking impairment compared with patients
without proximal claudication.
5. Exercise TcPO2 can be used to better understand and
elucidate the possible vascular origin of pain specifically
at the proximal level in this population.
METHODS
Population. Patients who have received a vascular by-
pass are generally followed-up annually. The visits include a
systematic minimal survey with Doppler and ultrasound
imaging to search for long-term complications of surgery,
such as anastomotic pseudoaneurysmor stenosis andperipros-
thetic infection, and evidence for progression of the vascular
disease.
A prospective study was performed among the patients
referred to the vascular laboratory of the university hospital
of Angers during a 2-year period starting March 2004.
After bypass patency was confirmed with ultrasound imag-
ing, any patient18 years old who had a patent AFB for at
least 4months before his or her visit and was able to walk on
treadmill was eligible for inclusion. Excluded were patients
with acute or critical limb ischemia, unstable angina pecto-
ris, uncontrolled hypertension, New York Heart Associa-
tion (NYHA) cardiac insufficiency function class of III or
IV, myocardial infraction 3 months, arterial aneurysm or
pseudoaneurysm, major respiratory limitation (resting dys-
pnea), stroke or major neurologic disorders, or who lived
too far from the laboratory.
Symptoms by history. For all eligible patients, we
used a French version of the San Diego Claudication Ques-
tionnaire, as previously reported,9,10 to estimate the prev-
alence of symptoms by history. When symptomatic, pa-
tients were asked to estimate the date when symptoms
comparable to those reported at inclusion first occurred
(delay from first symptoms). They were also asked to esti-
mate their maximal walking distance performed at a usual
pace.
Selection and inclusion. After extensive explanation
of the protocol, patients provided written consent to par-
ticipate in this study. All study protocols were institution-
ally approved and are registered with the American Na-
tional Institutes of Health database (ref no
NCT00152737). Patients who were referred more than
once during the study period were included only at their
initial visit, except if a temporary contraindication to tread-mill exercise did not allow inclusion at the time of initial
referral.
PROTOCOL
Ankle-brachial index. Ankle and arm pressures were
recorded with 15-cm arm cuffs positioned at the level of the
brachial and ankle arteries with the patient in the supine
position. The ankle-brachial index (ABI) was calculated as
the ratio of ankle systolic pressure to the highest arm
systolic pressures as previously described.11
Exercise tests. Patients performed a treadmill exercise
test in an air-conditioned room at a temperature of 21°C
2°C. The standardized test procedure has been previously
described7,9,12 (10% slope; 3.2 km/h progressively reached i n
4 minutes). Patients were encouraged to walk for the
longest time possible. Exercise was discontinued at the
patient’s request or, in the absence of claudication, after a
total walking duration of 20 minutes corresponding to
approximately 1000 meters. A 12-lead electrocardiogram
was used to monitor the heart rate and detect any arrhyth-
mias or abnormal depolarization events during the exercise
test procedure.
Symptoms on treadmill. During the test, patients
were continuously encouraged to signal any symptom in
the lower limb, including the lower back, hip, or buttock.
Immediately after the treadmill exercise test, subjects were
retested with all but the first two questions of the San-
Diego Claudication Questionnaire (these first two ques-
tions relate to pain at rest andwould not be relevant in these
subjects).
Transcutaneous oxygen pressure recording. Mea-
surements were performed as previously reported9,10,12 in
an air-conditioned room (21°C  2°C) by using five
TcPO2 devices (TINA TCM3 Radiometer, Copenhagen,
Denmark). In brief, a reference TcPO2 probe was placed on
the chest to measure eventual systemic changes, one was
positioned on each buttock, 4 to 5 cm behind the bony
prominence of the trochanter; and the last two were posi-
tioned 2 to 4 cm above each ankle.
TcPO2 values were recorded for 2 minutes in the
standing position before the treadmill was started, during
the walking period, and for 10 minutes in the standing
position after the end of the exercise test. The TcPO2
change from rest in each limb was corrected with the corre-
sponding chest probe TcPO2 change, chest TcPO2 changes
being subtracted from the results of TcPO2 changes at the
limb level. This delta from rest of oxygen pressure (DROP
index) is expressed in mm Hg. For the analysis, the lowest
negative value of this DROP during or in the 10 minutes
after exercise was used. Because the DROP remains un-
changed when limb TcPO2 falls are parallel to chest TcPO2
falls, as could result from systemic hypoxemia (eg, respira-
tory disease), a low DROP was assumed to reflect only
peripheral hemodynamic changes. A DROP value of –15
mm Hg or less was used to indicate the presence of an
abnormal blood flow supply at the proximal and distal levels
according to our previous studies.7,8,12
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patient was analyzed to characterize proximal and distal
anastomotic bypass configurations and the patency (regard-
less of the presence of stenoses) of the aorta and the
common, external, and internal iliac arteries on preopera-
tive angiography. The purpose was to predict whether
arterial anatomy and bypass configuration would have been
expected to provide pulsatile systemic pressure to the hy-
pogastric artery(ies) on at least one side after surgery. This
could be attained either prograde through a patent aorta,
common, and internal iliac pathway in case of a proximal
end graft–side aorta anastomosis, or retrograde through a
patent external iliac artery revascularizing the internal iliac
trunk in case of distal end graft–side femoral artery anasto-
mosis.
Number of subjects. When studied in the general
population, the prevalence of proximal without distal clau-
dication is estimated to be 5%.11 We estimated that even
if combined proximal and distal claudication were included
in proximal claudication, the prevalence of proximal clau-
dication in the general population would be 15%. For a
minimal proportion of symptomatic patients at the proxi-
mal level of 30% at the time of the study with 0.05  and
0.80 power, a minimal number of 53 patients was needed.
Analysis of the results. Estimated maximal walking
distance 1000 meters or a complete 20-minute treadmill
test was used to indicate unlimited walking ability by his-
tory or on treadmill. Hip, lower lumbar, buttock, and thigh
were considered proximal pain, whereas the calf and foot
were included in the distal location. Only symptoms of a
vascular type were considered for the analysis. Symptoms
were considered of a vascular type, and thus suspected to be
of vascular origin, if they were absent at rest, occurred
during exercise, and improved 10 minutes after exercise
was stopped.
Statistical analysis. We used theMcNemar test (SPSS
12.0F, SPSS Inc, Chicago Ill) to compare proportions
observed on treadmill and by history. The Fisher exact test
was used to compare the proportion of patients with prox-
imal claudication according to the preservation of the hy-
pogastric pathway after surgery and to compare the number
of patients that were unable to complete the treadmill test
according to the presence of absence of proximal claudica-
tion. A Student t test was used to compare the walking
distances in patients unable to complete the treadmill test,
according to the presence or absence of proximal claudica-
tion, and to compare the delay from surgery of patients
with preserved hypogastric circulation compared with pa-
tients with bilateral hypogastric occlusion after surgery. For
all statistical tests, a level of P  .05 was used to indicate
statistical significance.
RESULTS
During the 2-year period, 131 different patients with
patent ABF bypass were eligible for the study. Not included
were 26 subjects (20%; 24 men, 2 women; 62.8 9.8 years
old), among which 10 declined to be involved and 16 had
exclusion criteria, including major resting dyspnea in 3,Stage 4 arteriopathy with necrosis or debilitating ulcer in 2,
Heart failure NYHA III in 1, colonic ischemia in 4, hemi-
plegia/paraplegia in 2, aneurysm/anastomotic false aneu-
rysm in 2, 1 was unable to walk on treadmill owing to severe
knee arthritis, and 1 lived too far (800 km) from the
laboratory. Delay from surgery in these excluded patients
was 4  4 years, (median, 2 years; range, 4 months to 16
years). Seventeen declared that they were able to walk in the
last months and of these, four were estimated to have
unlimited walking capacity. Symptoms reported by history
in these non-disabled but excluded patients were proximal
in six, proximo-distal in three, and distal claudication on
one or both sides in four. Four of the 17 patients declared
no lower limb pain while walking.
The 105 included patients (94 men, 11 women) were
167  12 cm tall, weighed 71  13 kg, and were 63  10
years old (range, 45 to 81 years), among which 13 had
diabetes mellitus. The initial indications for surgery were
claudication, or acute or critical limb ischemia resulting
from lower extremity arterial occlusive disease in 93 pa-
tients, abdominal and vascular trauma in one patient, and
abdominal aortic aneurysm in the other 11 patients. The
average delay from surgery for the included group was 6
6 years (median, 2 years; range, 4 months to 26 years). ABI
was measurable in 93 of the 105 patients, and the mean
lowest ABI was 0.75  0.24 and the highest was 0.91 
0.22.
On the initial questionnaire, 50 patients reported un-
limited walking ability at a usual pace, although some
reported symptoms that did not force them to stop walk-
ing. The estimated maximal walking distance in the other
55 patients was 265  190 meters. Among the 105 in-
cluded patients, 26 reported no pain on the initial question-
naire, nine reported pain at rest but not at exercise, and 70
reported exercise-related symptoms. Among the 70 pa-
tients with exercise-related pain, 49 reported symptoms
consistent with vascular criteria on one or both proximal
(n  26), distal (n  19), or proximo-distal (n  4)
locations.
The average delay from surgery in the 79 symptomatic
patients was 7 6 years (median, 3 years; range, 4 months
to 26 years), whereas the delay from the initial occurrence
of their symptoms (delay from first symptoms) was 2  3
years (median, 1 year; range, 1 month to 12 years). Estima-
tion of the prevalence of symptoms by history in the first 10
years after surgery according to the delay from surgery and
delay from first symptoms is presented in Fig 1. The average
prevalence of proximal claudication by history during this
10-year period was 19% in our group.
Only 20 subjects were able to complete the 20-minute
treadmill test (P  .001 from history). The average maxi-
mal walking distance recorded in the other 85 patients was
239  191 meters. Twenty-eight patients reported no
lower limb proximal or distal vascular-type symptoms on
the treadmill. Among the other 77 patients, vascular-type
symptomswere reported on one or both sides in 59 patients
at the proximal level (P .001 vs history) and in 38 patients
at the distal level (P .05 vs history), as summarized in the
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mal TcPO2 results on one or both sides in 52 of the 59
patients, with proximal symptoms and in 28 of the 38
patients with distal symptoms, respectively. Thus, about
half of the included patients experienced proximal claudi-
cation on the treadmill of a possible vascular origin (typical
discomfort associated with DROP exceeding –15mmHg),
whereas distal claudication of possible vascular origin was
observed in only one quarter of the patients.
The presence of proximal claudication on the treadmill
with an associated underlying abnormal TcPO2 result on
one or both sides significantly increased the risk of walking
impairment, defined as inability to complete the 20minutes
of the test, with a relative risk of 1.23 (95% confidence limit
1.01 to 1.50; P .05), and tended to decrease the maximal
walking distance in patients unable to complete the test to
203 144 meters, compared with 282 229 meters (P
.10) in patients without abnormal proximal TcPO2 results.
All but two preoperative arteriograms could be reana-
Fig 1. Estimated prevalence of proximal claudication by history
in the first 10 years after aortobifemoral bypass. This prevalence
was calculated using the delay from surgery and the delay for first
occurrence of present symptoms. Example: Among the 42 patients
that have had a bypass for5 years, four were symptomatic at year
5 from surgery (32 of these 42 were actually seen at year 10 from
surgery, but their delay from first symptoms was 5 years). Num-
bers in bars are the number of available observations.
Presence or absence of claudication and abnormal
transcutaneous oxygen pressure results on a limb-by-limb
basis at the proximal and distal level
Location
Claudication
n (left/right)
No claudication
n (left/right)
Proximal
Abnormal TcPO2 73 (37/36) 59 (28/31)
Normal TcPO2 15 (5/10) 63 (35/28)
Distal
Abnormal TcPO2 39 (19/20) 46 (25/21)
Normal TcPO2 22 (10/12) 103 (51/52)
TcPO2, transcutaneous oxygen pressure.lyzed. The missing arteriograms were performed in 1984and 1985, and analysis by the radiologist found in the
patients’ files did not specifically confirm the patency of the
internal iliac arteries. According to the other 103 patient
files, anastomoses were performed to preserve flow towards
a patent hypogastric artery, at least on one side, in 85
patients and profundaplasty was performed during ABF
surgery in case of profunda femoris stenosis. Among these
103 patients, the proportion of patients experiencing prox-
imal claudication by history or on treadmill tended to
decrease with the number of patent preserved hypogastric
pathways after surgery (Fig 2). Nevertheless, the propor-
tion of patients experiencing exercise-related pain at the
proximal level by history was not significantly lower if at
least one internal iliac artery was preserved during surgery
(22/85 patients) than if both internal iliac arteries were
occluded as a result of surgery (6/18 patients; P  .51
compared with at least one patent hypogastric pathway).
Consistently, after treadmill exercise, proximal claudication
on one or both sides was not significantly less frequent in
patients with preserved hypogastric circulation on at least
one side by surgery (47/85 patients) than when both
internal iliac arteries were occluded after surgery (11/18
patients; P  .65 compared with at least one patent hypo-
gastric pathway). No difference in the delay from surgery
was foundbetween the twogroups: 5.76.2 years in patients
with at least one preserved hypogastric pathway and 6.7 7.7
years in patients with bilateral occlusion (P .70).
DISCUSSION
Buttock claudication is considered uncommon (ap-
proximately 2%) after surgery for occlusive aortoiliac lesions
or abdominal aortic aneurysms.13 Although many isolated
cases of proximal ischemia are reported5,14-20 after various
aortoiliac vascular procedures, little is known after hospital
discharge about the incidence and prevalence of proximal
claudication in patients with patent ABF bypasses. Im-
paired flow to the hypogastric arteries may result in chronic
Fig 2. Proportion of patients reporting proximal claudication by
history (clear bars) and on treadmill (filled bars), according to the
preservation of the hypogastric circulation one or both side after
surgery. None is bilateral hypogastric occlusion after surgery.buttock or hip claudication,21-24 impotence, acute colonic
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toms.13,25 When present after endovascular bilateral hypo-
gastric artery interruption, proximal claudication seems to
improve with time.26
In patients with peripheral arterial disease (defined as an
ABI 0.90), typical lower limb claudication is found in
only one third of the patients, and if one common defini-
tion for claudication is used—that of exertional pain that
does not exist at rest before exercise and resolves 10
minutes of exercise cessation—almost 30% of patients with
an ABI 0.90 experience atypical pain.27 Thus, it is not
surprising that the proportion of patients giving a history of
vascular-type claudication was relatively lower than the
proportion of patients with ischemia, as abnormal TcPO2
results might indicate. Interestingly, the number of patients
with proximal symptoms and consistent underlying abnor-
mal TcPO2 results on the treadmill, and as such presumed
to be at least partly of vascular origin, was twice that of
patients spontaneously reporting proximal symptoms ful-
filling vascular criteria by history.
There are several possible explanations for such a dif-
ference:
1. walking on a treadmill with a 10% slope and 3.2 km/h
speed may facilitate the expression of symptoms at the
proximal level compared with flat walking at the pa-
tient’s usual pace;
2. it is likely that many sedentary patients never reach their
maximal walking distance in daily living or walk slowly
to avoid pain;
3. it cannot be excluded that the difference may result
because the same questionnaire was administered twice
and, unfortunately, nothing is known about the repro-
ducibility of the San Diego Claudication Questionnaire
in the same population;
4. the fact that the questionnaire was self-administered for
history, whereas patients were repeatedly asked to signal
any symptom occurring on the treadmill, may have had
some importance; and
5. possible nonvascular diseases, such as hip arthritis or
lumbar spine stenosis, were not specifically and system-
atically sought in the present study.
Regarding this last point, many of the patients report-
ing symptoms on the treadmill and not by history indeed
confirmed a posteriori that symptoms observed on the
treadmill were actually also present at their usual pace but
that their physician assumed these symptoms had a nonva-
scular origin. As a consequence, patients did not report
these symptoms by history, considering that they were of
little interest to the vascular physician. Nevertheless, there
is no relationship between the presence of radiologic lesions
and the severity of symptoms in arthritis. Further, only symp-
toms of a vascular type were considered for the analysis.
Objectifying blood flow impairment during exercise at
the proximal level is difficult. Although it is well known that
aortoiliac or aortofemoral surgery3,13,28 may result in prox-
imal ischemia, diagnosis of the vascular origin of proximal
lower limb pain may sometimes be difficult, specifically ifdistal pulses are palpable29 or the physical examination is
unremarkable.22 Indeed, if the ABF bypass was performed
for isolated proximal (without significant distal) occlusive
lesions, revascularization of femoral arteries will likely nor-
malize distal investigations (distal pulses, ABI and femoro-
distal ultrasound) but not necessarily pelvic blood flow
supply. Routine distal investigations in these patients are
thus likely to be of low sensitivity for the detection of pelvic
abnormal blood flow supply. Furthermore, even positive
results on ABI and Doppler examinations are expected to
be of low specificity for proximal claudication because
abnormal tests can result from femoropopliteal or distal
lesions.
Among functional investigations in the hypogastric
territory, ultrasound investigation of hypogastric arteries is
often difficult in obese patients or in the presence of ABF
bypass and may not account for exercise-related proximal
hemodynamic phenomena per se. The penile-brachial in-
dex before and after exercise could be used to detect
impaired hypogastric circulation, but only in men. Further,
penile pressure cannot differentiate right from left arterial
lesions caused by right-to-left anastomoses.
Near infrared spectroscopy30 on the buttocks at exer-
cise has been proposed, but recent evidence 31 suggests that
spectroscopy saturation is not reflective of the underlying
muscles. Furthermore, its correlation with arteriography is
significantly lower than that of TcPO2.
32
Whole-body thallium scintigraphy after treadmill exer-
cise was reported to show a 82% sensitivity and 66% speci-
ficity compared with arteriography in the detection of
proximal regional blood flow impairment in patients with
claudication33 but is expensive and technically demanding.
Proximal ischemia was found in 40% of both symptomatic
or asymptomatic diabetic patients showing abnormal
whole-body thallium scintigraphy,34 illustrating the fact
that proximal ischemia even without symptoms is a fre-
quent and likely underestimated phenomenon. This scinti-
graphic study may lead to the suggestion that diabetes
might be associated with a high prevalence of hypogastric
lesions. Only 13 of our patients were treated for diabetes,
and we do not think that the presence of diabetes accounts
for the high proportion of proximal claudication in the
present study.
Exercise TcPO2, although a surface (and not muscle)
measurement, is a sensitive and reliable index for the diag-
nosis of stage 2 lower limb peripheral arterial disease35,36
and is highly accurate at the buttock7 and distal8 levels.
TcPO2 is not to be used as a primary approach to peripheral
arterial disease but is of particular interest in the present
study because it allowed for the monitoring of both prox-
imal and distal blood flow bilaterally during exercise and
accounts for systemic oxygen pressure changes resulting
from systemic hypoxemia (pulmonary disease) as a cause of
exercise limitation.
Recruitment bias in the study cannot be excluded.
Despite the regular follow-up survey proposed after ABF
bypass surgery, it is possible that many patients did not
address the vascular investigation follow-up, especially if
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that patients followed up in this university hospital labora-
tory had more severe arterial disease than patients followed
up by angiologists outside of our hospital. Extending the
study to patients followed up at outside hospitals would be
useful to confirm the results of the present study.
Another bias could result from the fact that 20% of
eligible patients were not included. However, clinical char-
acteristics of these excluded patients were comparable with
included patients, and the frequency of proximal symptoms
reported by history in these excluded patients was similar to
that of the included population.
CONCLUSION
One third of the patients in the present study with ABF
bypasses (median 2 year age) report proximal claudication
by history, but more than half experienced proximal clau-
dication during a treadmill test. More than 85% of proximal
exercise-related symptoms on the treadmill are associated
with underlying abnormal buttock TcPO2 results, suggest-
ing a vascular origin of (or at least a vascular contribution
to) most of these proximal symptoms in patients with
patent ABF bypass. Contrary to what was expected, the
preservation of systemic blood pressure and pulsatile flow
to at least one hypogastric artery does not seem to protect
against proximal claudication, which is likely due to the
progression of atherosclerotic lesions in the arteries of the
hypogastric circulation.
The high proportion of patients with proximal claudi-
cation, even when one pathway to the hypogastric circula-
tion was preserved during surgery, has important clinical
consequences. Indeed, excluding a vascular origin of prox-
imal claudication based on a preserved hypogastric pathway
at the time of surgery may lead to diagnostic errors. When
facing exercise-related proximal pain in patients with a
patent ABF bypass, we must assume that it is of vascular
origin unless there is a plausible alternative explanation.
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